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Description 

The present invention relates to an all^ali free glass wlilch is substantially free from alkali metal oxides and capable 
of being formed by a float method and which is thus useful as glass substrates for various displays or photo masks. 

Heretofore, glass substrates for various displays, particularly those having a thin metal film formed on their surface, 
are required to have high levels of the following properties. 

(1) Since they are exposed to high temperature during the step for the formation of the thin film, they are required 
to have a high strain point of at least 600'C. 

(2) If they contain an alkali metal oxide, the alkali metai ions are likely to diffuse Into the thin film, whereby the film 
properties are likely to deteriorate. Therefore, they are required to be substantially free from alkali metal ions. 

(3) They are required to be free from internal and surfacial defects (bubbles, striae, inclusions, pits, scratch marks, 
etc.). 

(4) They are required to have excellent chemical durability so as to be durable during the washing step. 

However, in recent years, liquid crystal displays having thin film transistors (TFT) using amorphous silicon or poly- 
crystalline silicon formed on a glass substrate, are increasing. The display substrates to be employed for the displays 
of this type are frequently exposed to several etchants containing hydrofluoric acid for etching e.g. Si. Si02 or Si3N4 in 
a semiconductor-forming step. Typical etchants include buffered hydrofluoric acid which is prepared by adding ammo- 
nium fluoride as a buffering agent to hydrofluoric acid.and a mixed solution of hydrofluoric acid (HF) and nitric acid (HNO3) . 

When exposed to buffered hydrofluoric acid, conventional alkali free glass becomes useless in many cases with a 
reaction product formed on its surface, which can not easily be removed. 

When exposed to a mixed solution of HF and HNO3, alkaline earth ions in the glass will react with fluoride ions (F' 
) and nitrate ions (NOa') in the solution to form a reaction product on its surface. When immersed in a mixed solution of 
HF and HNO3, a glass containing substantial amounts of BaO and MgO among alkaline earth metal oxides in the glass, 
will form a fine crystalline substance on its surface, whereas a glass containing a substantial amount of CaO or SrO, 
will form a gel-like non-crystalline substance on its surface. This gel-like reaction product serves as a masking agent 
and thus causes etching irregularities, whereby a surface roughness of a few micrometers will be formed on the glass 
surface. Thus, such glass has a problem that it is not useful as a display glass where a high level of flatness is required. 

Quartz glass or #7059 glass of Corning Incorporated containing only BaO as an alkaline earth metal oxide, may be 
mentioned as a glass which is durable against such etchants. However, quartz glass has a very high viscosity, and it is 
difficult to melt it, whereby the production cost tends to be high. On the other hand, #7059 glass has a problem that the 
B2O3 content is high, it is difficult to melt it since B2O3 evaporates during the melting operation, and the strain point is 
so low that glass shrinks during the process for forming semiconductors. 

Japanese Unexamined Patent Publication No. 74935/1 988 discloses a glass substantially free from MgO. This glass 
exhibits durability against buffered hydrofluoric acid, but has a problem that when it is immersed in hydrofluoric nitric 
acid, a surface roughness is formed since it contains no f^gO. 

Japanese Unexamined Patent Publication No 133334/1990 discloses an alkali free glass containing from 8 to 15 
wt% of CaO. This glass has a problem that resistance to the mixed solution of HF and HNO3 is not sufficient since it 
contains CaO excessively. 

SU-A-642265 discloses a glass composition which contains AS2O3, Sb203, SO3. Sn02 and/or Ce02 as an essential 
ingredient. The glass does not contain SrO. 

JP-A-59-1 69953 discloses a non-alkaline glass comprising the oxides of silicon, boron, aluminum, magnesium, 
calcium, strontium and barium. 

It is an object of the present invention to solve the above problems and to provide an alkali free glass which is free 
from forming, turbidity by buffered hydrofluoric acid, free from forming a surface roughness by the mixed slution of HF 
and HNO3 and excellent in other chemical durability and can easily be melted and formed and which has a high strain 
point and a low expansion co_efficient andJs capable of being formed by a float method: 

The present'invention provides an alkali free glass which consists essentially of from 53 to 57 wt% of Si02, from 10 
to 1 4 wt% of AI2O3. from 5.5 to 8.5 wt% of B2O3, from 2 to 4.5 wt% of MgO, from 2 to 5 virt% of CaO. from 2 to 8 wt% 
of SrO, from 1 2 to 1 8 wt% of BaO and from 0 to 2 wt% of ZnO. and optionally may contain not more than 5 wt.-% in total 
of Zr02, P2O5. TiOa. SO3, AS2O3, Sb203. F and CI. 

Now, the present invention will be described in detail with reference to the preferred embodimerits. 

Firstly, the reasons for limiting the compositional ranges of the respective components will be described. 

If Si02 is less than 50 wt%, the chemical resistance of the glass will be poor, and the thermal expansion coefficient 
tends to be large, such being undesirable. On the other hand, if it exceeds 60 wt%, the melting property tends to be 
poor, and the liquidus temperature tends to increase, such being undesirable. Si02 is therefore within a range of from 
53 to57wt%- 
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AloOa has a function to suppress the phase separation of the glass, to reduce the thermal expansion coefficient 
and to increase the strain point. If the amount is less than 8 wt%, this effect can not be obtained, and if it exceeds 16 
wt%. the melting property of the glass deteriorates. AI2O3 is therefore within a range of from 10 to 14 wt% within the 
above range. 

5 B0O3 is effective for preventing the formation of turbidity due to hydrofluoric acid and for providing a low expansion 
coefficient and good melting property. However, H it is less than 4 wt%, such effects can not be obtained, and if it exceeds 
10 wt%, the strain point tends to be low. and the resistance to the mixed solution of HF and HNO3 tends to be poor 
B0O3 is'therefore within a range of from 5.5 to 8.5 wt% within the above range. 

MgO has a feature that it improves the resistance to the mixed solution of HF and HNO3 without lowering the strain 
10 point and it is contained in an amount of at least 1 .5 wt%. if it exceeds 5 wt%, turbidity by buffered hydrofluoric acid or 
phase separation of the glass tends to occur, such being undesirable. MgO is therefore within a range of from 2 to 4.5 
wt% within the alxjve range. ' ^ ^, .u 

CaO has a function to improve the melting property of the glass. However, if CaO exceeds 7 wt%. the resistance to 
the mixed solution of HF and HNO3 of the glass tends to decrea&e, such being undesirable. CaO is therefore within a 

■15 range Of from 2 to 5 wt%. u u« ^ 

SrO is a component effective for suppressing phase separation of the glass and for preventing turbidity by buffered 
hydrofluoric acid. However, if it exceeds 1 0 wt%. the thermal expansion coefficient tends to increase, and the resistance 
to the mixed solution of HF and HNO3 tends to be low, such being undesirable. SrO is therefore within a range of from 

2to8wt%. ^ .r 

20 BaO is effective for preventing the phase separation of the glass, for improving the melting property and for controlling 
the liquidus temperature. However, if it is less than 10 wt%, such an effect is low. and if it exceeds 20 wt%. the thermal 
expansion coefficient tends to increase, and the chemical durability such as water durability tends to deteriorate. BaO 
is therefore within a range of from 12 to 18 wt%- 

ZnO is effective for reducing the thermal expansion coefficient of the glass. However, if it exceeds 3 wt%. turbidity 
25 by hydrofluoric acid is likely to be formed, and during its production, it tends to be reduced in the float bath and evaporate 
to form a different quality layer on the glass surface, whereby forming by a float method tends to be difficult. ZnO is 
therefore within a range of from 0 to 2 wt%. 

The glass of the present invention may contain not more than 5 wt% in total of Zr02, P2O5, Ti02, SO3. AS2O3. 
Sb203. F and CI in order to improve the melting property, refining property and formability of the glass in addition to the 
30 above-mentioned components. 

The glass of the present invention can be prepared, for example, by the following process. 
Starting materials commonly used for the respective components are mixed in the desired proportions, and the 
mixture is continuously introduced into a melting furnace and melted under heating at a temperature of from 1,500 to 
1,6O0**C. This molten glass is formed into a sheet having a predetermined thickness by a float method, followed by 
35 annealing and cutting. 

Now, the present invention will be described in further detail with reference to Examples. However, it should be 
understood that the present invention is by no means restricted to such specific Examples. 



EXAf^PLES 

40 

Starting materials of the respective components were mixed to have the desired proportions, and the mixture was 
heated and melted in a platinum crucible at a temperature of from 1 .500 to 1 ,600*'C for 4 hours. The molten glass was 
stirred with a platinum stirrer for two hours for homogenizing the glass. Then, the molten glass was casted into a sheet 
form, followed by gradual cooling. 

45 In Table 1 . the glass composition (unit: wt%) is shown, and in Table 2. the thermal expansion coefficient, the tem- 
peratures where log n = 2.5 and 4.0 (n is the viscosity represented by poise), the liquidus temperature, the strain point, 
the water resistance, the acid resistance, the buffered hydrofluoric acid resistance and the resistance to the mixed solu- 
tion of HF and HNO3 are shown. _ - - 

The water resistance-was' determhed in such a manner that the glass was immersed in deionized water at eS^'C 

50 for 40 hours, whereupon the weight reduction was measured, and the water resistance was represented by the weight 
reduction per unit surface area of the glass. 

The acid resistance was determined in such a manner that the glass was immersed in 1/1 OON HNO3 at 95**C for 
20 hours, whereupon the weight reduction was measured, and the acid resistance was represented by the weight reduc- 
tion per unit surface area of the glass. 

55 The buffered hydrofluoric acid resistance was determined in such a manner that the glass was immersed in a mixed 
solution of NH4F and HF (a solution obtained by mixing a 40 virt% NH4F aqueous solution and a 51 wt% HF aqueous 
solution in a weight ratio of 9:1) at 25''C for 20 minutes, whereupon the outer appearance was visually evaluated under 
the following standards: 
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@: excellent 
O: good 
X: poor 

The reastance to the mixed solution of HF and HNO3 was determined in such a manner that the glass was 
imme J^Ti^a S^^^^^ of HF and HNO3 (solution obtained by mixing a 51 wt% HF aqueous solution and a 61 
To HNO aqueS in a volume ratio of 1 :2) at 25^C for 5 minutes, whereupon the surface roughness was 

measured, and the surface condition was evaluated under the following standards: 



10 @: 

O: 
X: 



15 



20 



25 



30 



35 



40 



45 



excellent 
good 
poor 

As is evident from Table 2. the glass in each of the Examples has a low thermal expansion coefficient at a level 
of from 40 to 50 x IQ-^C. and the temperature where log n = 2.5 as an index for the melting property, .s relatively low. 
thus indicatinq that it can easily be melted. ' . 1. , 

ma respect to the formabilHy. the relation as an index of the formability between the temperature where og t, = 
4.0 and the liquidus temperature is good, thus indicating that there will be no trouble of devitrrf icafon dunng the forming 

"''^ The"strain point is also as high as at least 620»C. thus indicating that it is adequately durable against heat treatment 

* AlS StS^ to the chemical properties, the glass of the present invention has excellent water r^istance and 
acid resistance, scarcely fomis turbidity by buffered hydrofluoric acid and scarcely forms a surface roughness by the 
mixed solution of HF and HNO3. , . ^ . 1.. « . • 

On the other hand, Sample Nos. 3 to 5 and 7 to 10 represent Comparative Examples. Sample No. 9 is poor in *e 
hydrofluoric nitric acid resistance, although it has a good melting property because of relatively low temperature for log 
Ti = 2 5 On the other hand, with Sample No. 10, the temperatures where log n = 2.5 and 4.0 are too high, whereby 
difficu'lti'es in melting and forming are expected, although the buffered hydrofluoric add resistance and the resistance to 
the mixed solution of HF and HNO3 are good. 

Table 1 
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Comparative Examples 
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55 

The glass of the present invention is capable of being formed by a float method, scarcely forms turbidity by buffered 
hydrofluoric acid, is excellent in the resistance to the mixed solution of HNO3 and HF. has high heat resistance and a 
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low thermal expansion coefficient. Thus, it is suitable for applications where such properties are required, for example, 
as display substrates, photo masl< substrates, or TFT type display substrates. 



Claims 
1 



10 



IS 4. 



An alkali free glass which consists essentially of from 53 to 57 wt% of S.O2. from 10 to 14 of AlaO^ fromS^S 
to 8 5wt% of B2O3. from 2 to 4.5 wt% of MgO, from 2 to 5 wt% of CaO. from 2 to 8 w«. of SrO f rom 1 2 to 1 8 wT/o 
0° BaOarxl from 0 io 2 wt% of ZnO, and optionally may contain not more than 5 wt.-% m total of ZrO^, P2O5. T.O^, 
SO3, AszOa. SbjOs. F and CI. 

2. The alkali free glass according to daim 1 , which has a strain point of at least 600-C. 

3. The alkali free glass according to daim 2. wherein the strain point is at least 620OC. 

The alkali free glass according to any one of claims 1 to 3. which has a thermal expansion coefficient of from 40 x 
10-^to50x10>C. 

Aglasssubstrateforliquid crystal display, which comprises the alkali free glass as claimed in any one of claims 1 to4. 



5. 



20 Patentanspruche 

1 Alkali-freies Glas. das im wesentlichen aus 53 bis 57 Gew.-% SiOg. 10 bis 14 Gew.-% AI2O3, 5.5 bis 8 5 Gew.-% 
■ S .?b74.5 Gew.-% MgO. 2 bis 5 Gew.-% CaO. 2 bis 8 Gew.% SrO 12 bis 18 Gew..% BaO und 0 bjs 2 G^.- 
% ZnO besteht und gegebenenfalls nicht mehr als insgesamt 5 Gew.-% an ZrOj. P2O5. TiOg. SO3, As203. SbgOs. 
25 F und CI enthalten kann. 

2. Alkali-freies Glas nach Anspruch 1 . das einen unteren KQhIpunkt von mindestens 600°C aufweist. 

3. Alkali-freies Glas nach Anspruch 2. bei dem der untere KQhIpunkt mindestens 620°C betrSgt. 

4. Alkali-freies Glas nach irgendeinem der Anspruche 1 bis 3, das einen thermischen Ausdehnungskoeffizienten von 
40 X 10'^ bis 50 x W''/°C aufweist. 

5. Glassubstrat fur eine Flussigkristallanzeige. welches das Alkali-freie Glas nach irgendeinem der Anspruche 1 bis 
35 4 umfaBt. 

Revendications 

1 Verre exempt de m6taux alcalins. constitu6 essentiellement de 53 ^ 57 % en poids de SiO^. de 1 0^ 14 % en pokls 
' d'A!.03 de 5.5 k 8,5 % en poids de B2O3. de 2 k 4.5 % en poids de MgO. de 2 ^ 5 % en potds de CaO, de 2 k 8 
% en poids de SrO. de 12 ^ 18 % en poids de BaO et de 0 ^ 2 % en poids de ZnO. et qui 6ventuel!ement peut 
cxjntenir au plus 5 % en poids en tout de ZrOg. P2O5, TiOg. SO3. AS2O3. SbgOa. F et CI. 

2. Verre exempt de m6taux alcalins selon la revendication 1 . qui a un point de trempe d'au moins 600°a 

3. Verre exempt de m6taux alcalins selon la revendication 2. dont le point de trempe est d'au moins 620<>a 
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4. Verre exempt de m6taux alcalins selon Tune quelconque des revendications 1 k 3, qui poss^e un coefficient de 
dilatation thermique de 40 X 10'"^ ^ 50 x 10'^C. 

5. Substrat de verre pour affichage k cristaux liquides. qui comprend le verre exempt de m§taux alcalins selon Tune 
quelconque des revendications 1^4, 



55 



6 



